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ULTRA SENSITIVE METHOD FOR IN SITU
DETECTION OF NUCLEIC ACIDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and benefit of
U.S. provisional patent application No. 61/405,503, filed on
Oct. 21, 2010, with attorney docket no. 12790-021-888,
entitled “ULTRA SENSITIVE METHOD FOR IN SITU
DETECTION OF NUCLEIC ACIDS” by Wuet al., and U.S.
provisional patent application No. 61/412,276, filed on Nov.
10, 2010, with attorney docket no. 12790-022-888, entitled
“ULTRA SENSITIVE METHOD FOR IN SITU DETEC-
TION OF NUCLEIC ACIDS” by Wu et al. Each of these
applications is incorporated herein by reference in its entirety
for all purposes.

FIELD OF THE INVENTION

[0002] The invention relates generally to nucleic acid
chemistry and biochemical assays. More particularly, the
invention relates to methods for in situ detection of nucleic
acid analytes in a sample.

BACKGROUND OF THE INVENTION

[0003] Insituhybridization (ISH) is a technique that allows
detection and localization of specific nucleic acid molecules
in morphologically preserved individual cells, histological
tissue sections, or chromosome preparations. It was first
described in 1969 and is based on the complementary hybrid-
ization of a nucleotide probe to a specific target sequence of
DNA or RNA in the cell. This may be endogenous DNA,
messenger RNA (mRNA), micro RNA (miRNA), viral
sequences, or bacterial sequences. The added probe is labeled
with a reporter molecule and sites of binding are visualized
either fluorescently (Fluorescent in situ hybridization, FISH)
or chromogenically (Chromogenic in situ hybridization,
CISH).

[0004] After completion of sequencing the whole human
genome, many thousands of novel human gene sequences
have been annotated in public and private databases in recent
years. This opened a new door for ISH, since it is relatively
easy, fast and inexpensive to design and synthesizes antisense
probes for detecting a specific sequence of any novel gene in
the cell. The tissue-specific and cell-type specific express
patterns together with expression level of the gene can be
obtained with ISH, which will provide valuable information
for analyzing the function of the gene.

[0005] However, the application of ISH techniques can be
limited by their inability to detect DNA or RNA targets with
low copy numbers in cells due to lack of sensitivity and
specificity. It is especially challenging to apply ISH into the
clinical setting where formalin fixation and paraffin embed-
ding (FFPE) is the most commonly used method worldwide
to store clinical tissue samples. The FFPE method preserves
tissue morphology well but the cross-linking fixation by
formaldehyde can cause poor accessibility of the target
sequence to the detection probe, chemical or physical inter-
action of the probe molecules with other molecules or struc-
tures, and damage to nuclear acids, especially mRNAs.
[0006] In order to circumvent the limitation of ISH and
extend its utility in diagnostic pathology, several strategies
have been developed to improve the sensitivity of ISH.
Recently, a new ISH signal amplification method called
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RNAscope® was developed by Advanced Cell Diagnostics,
Inc. (U.S. Pat. No. 7,709,198). This assay includes uniquely
designed oligo capture probes and a signal amplification sys-
tem composed of preamplifiers, amplifiers, and label probes,
allowing substantial signal amplification without amplifying
background signal, enabling single RNA molecule detection
for virtually any genes. An exemplary embodiment of the
RNAscope® technology is schematically illustrated in FIG. 1
and will be described in detail in Section 2 of this application.
[0007] In a typical RNAscope® assay for detecting target
nucleic acid, a target mRNA whose expression is to be
detected is released from cells and captured on a solid surface
(e.g., awell of amicrotiter plate). A set of two or more capture
probes and a signal generating multimer are also provided.
The capture probes hybridize to both target nucleic acid and
signal generating multimer and thus capture signal generating
multimer to target nucleic acid. The signal generating multi-
mer comprises label probes (L.Ps). But more typically, the
signal generating multimer comprises preamplifiers and/or
amplifiers in addition to label probes. The label probe is
capable of binding to a label particle or molecule that provide
detectable signal. The label probe has a larger molecular
structure enabling that attachment of a plurality of label par-
ticle or molecules that provide stronger signal than a single
label particle or molecule. Thus, RNAscope® improves the
sensitivity and specific of nucleic acid detection.

[0008] However, RNAscope® alone still cannot reliably
detect some low copy genes in retrospective Formalin-Fixed,
Paraffin-Embedded (FFPE) tissue sections where RNA is
significantly degraded. Also, single RNA molecule cannot to
be visualized at 40x magnification using current RNAscope®
technology. It is desirable to further enhance the detection
signal to enable more robust detection of any RNA molecules,
including the significantly degraded RNA molecules, and to
allow easy visualization of detected RNA signal at 10x mag-
nification.

[0009] Here we describe a novel ISH signal amplification
assay to extend the utility of ISH in diagnostic pathology by
combining two signal amplification methods into one system.
This system has three formats: (1) RNAscope® in combina-
tion with biotin-(strept)avidin, (2) RNAscope® in combina-
tion with an antibody, (3) RNAscope® in combination with
Tyramide Signal Amplification (TSA). All these methods can
leverage the exceptional specificity of RNAscope® technol-
ogy with the amplification power of the three amplification
methods. We surprisingly found that the above three com-
bined signal amplification methods can highly amplify sig-
nals associated with the presence of a target nucleic acid in
sample while having excellent signal to noise ratio.

[0010] Biotin-avidin (or biotin-streptavidin) is a well
known signal amplification system base on the facts that the
two molecules have extraordinarily high affinity to each other
and that one avidin/streptavidin molecule can bind four biotin
molecules. Antibodies are widely used for signal amplifica-
tion in immunohistochemistry and ISH. TSA is based on the
deposition of a large number of haptenized tyramide mol-
ecules by peroxidase activity. Tyramine is a phenolic com-
pound. In the presence of small amounts of hydrogen perox-
ide, immobilized Horse Radish Peroxidase (HRP) converts
the labeled substrate into a short-lived, extremely reactive
intermediate. The activated substrate molecules then very
rapidly react with and covalently bind to electron-rich moi-
eties of proteins, such as tyrosine, at or near the site of the
peroxidase binding site. In this way, a lot of extra hapten
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molecules conjugated to tyramide can be introduced at the
hybridization site in situ. Subsequently, the deposited tyra-
mide-hapten molecules can be visualized directly or indi-
rectly.

[0011] All of these signal amplification methods have been
used in ISH with different degrees of success but usually the
signal intensity and/or signal to noise ratio are not good
enough for routine diagnostic pathology. In the case of ISA, in
particular, when used alone in ISH, produces a high degree of
background noise. The day-to-day and laboratory-to-labora-
tory consistency is also less than desirable.

[0012] In view of the above, a need exists for methods of
amplifying nucleic acids with both high intensity and high
specificity. A need also exists for such a method with strong
consistency. The present invention provides these and other
features that will be apparent upon review of the following.

SUMMARY OF THE INVENTION

[0013] The present invention combines the signal amplifi-
cation method of RNAscope® with the general ISH signal
amplification methods into a ultra sensitive method to detect,
quantify and identify one or more target nucleic acid in a
sample. The RNAscope® assay offers exceptional specificity
owning to its unique paired capture probe design. By adding
general ISH signal amplification methods such as the TSA-
based signal amplification to the RNAscope® assay, the com-
bined method achieves great signal intensity and low back-
ground. The signal amplification methods and system
disclosed in this invention are relatively simple to use and
produce consistent result. The claimed method can be easily
adapted for use in routine clinic diagnostic procedures.
[0014] Ina preferred embodiment of the present invention,
the specificity and sensitivity of the disclosed signal amplifi-
cation method are balanced. The balance is achieved by a
moderate reduction of the fold of signal amplification in
RNAscope®. In one embodiment of the present invention,
one preamplifer is designed to bind between 1 to 16 amplifi-
ers. In a preferred embodiment, one preamplifer is designed
to bind between 2 to 10 amplifiers. In another more preferred
embodiment, one preamplifer is designed to bind between 2
to 5 amplifiers.

[0015] In a preferred embodiment of detecting a target
nucleic acid in a sample, the sample comprising or suspected
of comprising the target nucleic acid is first provided, together
with at least one set of two or more capture probes capable of
hybridizing to the target nucleic acid, a signal generating
multimer capable of hybridizing to the set of two or more
capture probes, wherein said signal generating multimer
comprises a label probe, and a signal amplification probe
capable of binding to the label probe wherein the signal
amplification probe comprises a label. In the method, the
target nucleic acid is first hybridized to the set of two or more
capture probes, then the signal generating multimer is cap-
tured to the set of two or more capture probes and thereby
being captured the signal generating multimer to the target
nucleic acid. The signal amplification probe is then captured
to the label probe and thereby being captured to the signal
generating multimer. In the last step, the presence, absence, or
amount of the label in the signal amplification probe are
detected.

[0016] In one embodiment, the signal amplification probe
comprises: a biotin molecule which is capable of conjugating
to the label probe, an avidin/streptavidin molecule which is
capable of binding to the biotin molecule, and additional
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biotin molecules being conjugated to Horse Radish Peroxi-
dase (HRP), Alkaline Phosphatase (AP), or fluorephore and
are capable of binding to the avidin/streptavidin molecule.
[0017] In another embodiment, the signal amplification
probe comprises: a HRP, AP, Dinitrophenyl (DNP), or fluo-
rophore molecule which is capable of conjugating to the label
probe, one or more first antibody which is capable of binding
to said HRP, AP, DNP, or fluorophore molecule, and one or
more second antibody being conjugated to HRP, Polymer-
HRP, AP, Polymer-AP or fluorophore and is capable of bind-
ing to said one or more first antibody.

[0018] Inyetanother embodiment, the signal amplification
probe comprises: a HRP molecule which is capable of con-
jugating to said label probe, a plurality of tyramide-biotin or
tyramide-fluorophore molecules which are capable of react-
ing with said HRP molecule, and detection labels which are
capable detecting said tyramide-biotin or tyramide-fluoro-
phore molecules visually. The detection labels are a combi-
nation of avidin/streptavidin-HRP and a chromogenic sub-
strate or a combination of avidin/streptavidin-AP and a
chromogenic substrate. The chromogenic substrate is
selected from the group consisting of: diaminobenzine(DAB)
and Fast Red.

[0019] Inone embodiment, the signal generating multimer
comprises a label probe capable of hybridizing to the set of
two or more capture probes. In another embodiment, the
signal generating multimer comprises a label probe and an
amplifier hybridized to the label probe. The amplifier is
capable of hybridizing to said set of two or more capture
probes. In a preferred embodiment, the signal generating
multimer comprises a label probe, an amplifier hybridized to
the label, and a preamplifier hybridized to one or more of the
amplifier. The preamplifier is capable of hybridizing to said
set of two or more capture probes.

[0020] Thetargetnucleic acid can be any type, suchas, e.g.,
DNA, cDNA, RNA, mRNA, rRNA, miRNA, siRNA and/or
the like.

[0021] Inoneembodiment,the amplification can take place
on a solid support before hybridization is performed.

[0022] Methods ofthe invention further provide a variety of
ways to multiplex two or more target nucleic acids. For
example, the sample may comprise a cell comprising or sus-
pected of comprising two or more different target nucleic
acids. The sample may also comprise two or more different
cells, each comprising or suspected of comprising a different
target nucleic acid.

[0023] The two different target nucleic acids can be
detected using a dual-color chromogenic in situ hybridization
(CISH) or a dual-color fluorescent in situ hybridization
(FISH). In one embodiment, the dual-color CISH is per-
formed using two different signal amplification probes,
wherein the first signal amplification probe comprises: tyra-
mide-biotin, streptavidin-HRP and DAB, and the second sig-
nal amplification probe comprises: anti-DNP-AP and Fast
Red.

[0024] The present invention includes kits to practice the
methods of the invention. The kits can include reagents to
carry out the nucleic acid detection and provide conditions
necessary to practice the methods of the invention. The kits
include, e.g., A kit comprising: a target nucleic acid, one set of
two or more capture probes capable of hybridizing to said
target nucleic acid, a signal generating multimer capable of
hybridizing to the set of two or more capture probes wherein
the signal generating multimer comprises a label probe, and a
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signal amplification probe capable of binding to the label
probe, wherein the signal amplification probe comprises a
label.

[0025] In the one type of the kit, the signal amplification
probe comprises: a biotin molecule which is capable of con-
jugating to said label probe, an avidin/streptavidin molecule
which is capable of binding to said biotin molecule, and
additional biotin molecules being conjugated to HRP, AP or
fluorophores and are capable of binding to the avidin/strepta-
vidin molecule.

[0026] Inanother type ofkit, the signal amplification probe
comprises: a HRP, AP, DNP, or fluorophore molecule which is
capable of conjugating to the label probe, one or more first
antibody which is capable of binding to the HRP, AP, DNP, or
fluorophore molecule, and one or more second antibody
being conjugated to HRP, Polymer-HRP, AP, Polymer-AP or
fluorophore and is capable of binding to the one or more first
antibody.

[0027] In yet another type of kit, the signal amplification
probe comprises: a HRP molecule which is capable of con-
jugating to the label probe, a plurality of tyramide-biotin or
tyramide-fluorophoremolecules which are capable of react-
ing with said HRP molecule, and detection labels which are
capable detecting the tyramide-biotin molecules visually.
The detection labels may be a combination of avidin/strepta-
vidin-HRP and a chromogenic substrate or a combination of
avidin/streptavidin-AP and a chromogenic substrate. The
chromogenic substrate may be selected from the group con-
sisting of: DAB and Fast Red.

[0028] Inonekit, the signal generating multimer comprises
a label probe capable of hybridizing to the set of two or more
capture probes. In another kit, the signal generating multimer
comprises a label probe and an amplifier hybridized to the
label probe. The amplifier is capable of hybridizing to said set
of two or more capture probes. In a preferred kit, the signal
generating multimer comprises a label probe, an amplifier
hybridized to the label, and a preamplifier hybridized to one
or more of the amplifier.

[0029] The preamplifier:amplifier ratio in the kit may be
between 1-16, or preferably between 2-10 or between 2-5.
[0030] The kit of the invention can function in the multi-
plexing of multiple nucleic acid amplifications. The kit may
be used for detecting nucleic acid targets in two or more
different cells, each comprising or suspected of comprising a
different target nucleic acid, or to detect two or more nucleic
acid targets in one cell. The signal amplification probe in the
kit may be either a dual-color chromogenic in situ hybridiza-
tion (CISH) probe or a dual-color fluorescent in situ hybrid-
ization (FISH) probe. In case the dual-color CISH probes are
used, the first signal amplification probe comprises: tyra-
mide-biotin, streptavidin-HRP and DAB, and the second sig-
nal amplification probe comprises: anti-DNP-AP and Fast
Red.

DEFINITIONS

[0031] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. The following definitions supplement
those in the art and are directed to the current application and
are not to be imputed to any related or unrelated case, e.g., to
any commonly owned patent or application. Although any
methods and materials similar or equivalent to those
described herein can be used in the practice for testing of the
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present invention, the preferred materials and methods are
described herein. Accordingly, the terminology used herein is
for the purpose of describing particular embodiments only,
and is not intended to be limiting.

[0032] The term “nucleic acid” (and the equivalent term
“polynucleotide”) encompasses any physical string of mono-
mer units that can be corresponded to a string of nucleotides,
including a polymer of nucleotides (e.g., a typical DNA or
RNA polymer), peptide nucleic acids (PNAs), modified oli-
gonucleotides (e.g., oligonucleotides comprising nucleotides
that are not typical to biological RNA or DNA, such as 2'-O-
methylated oligonucleotides), and the like. The nucleotides
of the polynucleotide can be deoxyribonucleotides, ribo-
nucleotides or nucleotide analogs, can be natural or non-
natural, and can be unsubstituted, unmodified, substituted or
modified. The nucleotides can be linked by phosphodiester
bonds, or by phosphorothioate linkages, methylphosphonate
linkages, boranophosphate linkages, or the like. The poly-
nucleotide can additionally comprise non-nucleotide ele-
ments such as labels, quenchers, blocking groups, or the like.
The polynucleotide can be, e.g., single-stranded or double-
stranded.

[0033] A “nucleic acid target” or “target nucleic acid”
refers to a nucleic acid, or optionally a region thereof, that is
to be detected.

[0034] A “polynucleotide sequence” or ‘nucleotide
sequence” is a polymer of nucleotides (an oligonucleotide, a
DNA, a nucleic acid, etc.) or a character string representing a
nucleotide polymer, depending on context. From any speci-
fied polynucleotide sequence, either the given nucleic acid or
the complementary polynucleotide sequence (e.g., the
complementary nucleic acid) can be determined.

[0035] The term “gene” is used broadly to refer to any
nucleic acid associated with a biological function. Genes
typically include coding sequences and/or the regulatory
sequences required for expression of such coding sequences.
The term gene can apply to a specific genomic sequence, as
well as to a cDNA or an mRNA encoded by that genomic
sequence.

[0036] The term “antibody” is used herein in the broadest
sense and covers fully assembled antibodies, antibody frag-
ments which retain the ability to specifically bind to the
antigen (e.g., Fab, F(ab")2, Fv, and other fragments), single
chain antibodies, diabodies, antibody chimeras, hybrid anti-
bodies, bispecific antibodies, humanized antibodies, and the
like. The term “antibody” covers both polyclonal and mono-
clonal antibodies.

[0037] The term “biological sample” or “tissue sample” as
used herein refers to a sample obtained from a biological
subject, including sample of biological tissue or fluid origin,
obtained, reached, or collected in vivo or in situ. A biological
sample also includes samples from a region of a biological
subject containing precancerous or cancer cells or tissues.
Such samples can be, but are not limited to, organs, tissues,
fractions and cells isolated from a mammal. Exemplary bio-
logical samples include but are not limited to cell lysate, a cell
culture, a cell line, a tissue, an organ, an organelle, a biologi-
cal fluid, and the like. Preferred biological samples include
but are not limited to a skin sample, tissue biopsies, and the
like.

[0038] The term “label probe” refers to an entity that binds
to a target molecule, directly or indirectly, and enables the
target to be detected, e.g., by a readout instrument. A label
probe (or “LP”) is typically a single-stranded polynucleotide
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that comprises one or more label which directly or indirectly
provides a detectable signal. The label can be covalently
attached to the polynucleotide, or the polynucleotide can be
configured to bind to the label (e.g., a biotinylated polynucle-
otide can bind a streptavidin-associated label). The label
probe can, for example, hybridize directly to a target nucleic
acid, or it can hybridize to a nucleic acid that is in turn
hybridized to the target nucleic acid or to one or more other
nucleic acids that are hybridized to the nucleic acid. Thus, the
label probe can comprise a polynucleotide sequence that is
complementary to a polynucleotide sequence of the target
nucleic acid, or it can comprise at least one polynucleotide
sequence thatis complementary to a polynucleotide sequence
in a capture probe, amplifier, or the like.

[0039] A “label” is a moiety that facilitates detection of a
molecule. Common labels in the context of the present inven-
tion include fluorescent, luminescent, light-scattering, and/or
colorimetric labels. Suitable labels include enzymes and fluo-
rescent moieties, as well as radionuclides, substrates, cofac-
tors, inhibitors, chemiluminescent moieties, magnetic par-
ticles, and the like. Exemplary labels include: Horse Radish
Peroxidase (HRP), Alkaline Phosphatase (AP), fluorophore,
Dinitrophenyl (DNP), etc. Patents teaching the use of such
labels include U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,
350, 3,996,345; 4,277,437, 4,275,149; and 4,366,241. Many
labels are commercially available and can be used in the
context of the invention.

[0040] A “capture probe”is a polynucleotide thatis capable
of hybridizing to a target nucleic acid and capturing a label
probe to that target nucleic acid. The target probe can hybrid-
ize directly to the label probe, or it can hybridize to one or
more nucleic acids that in turn hybridize to the label probe; for
example, the target probe can hybridize to an amplifier or a
preamplifier. The target probe thus includes a first polynucle-
otide sequence that is complementary to a polynucleotide
sequence of the target nucleic acid and a second polynucle-
otide sequence that is complementary to a polynucleotide
sequence of the label probe, amplifier, preamplifier, or the
like. The target probe is preferably single-stranded.

[0041] An “amplifier” is a molecule, typically a polynucle-
otide, that is capable of hybridizing to multiple label probes.
Typically, the amplifier hybridizes to multiple identical label
probes. The amplifier also hybridizes to at least one target
probe or nucleic acid bound to a target probe. For example,
the amplifier can hybridize to at least one target probe and to
aplurality of label probes, or to a preamplifier and a plurality
of label probes. The amplifier can be, e.g., a linear, forked,
comb-like, or branched nucleic acid. As noted for all poly-
nucleotides, the amplifier can include modified nucleotides
and/or nonstandard internucleotide linkages as well as stan-
dard deoxyribonucleotides, ribonucleotides, and/or phos-
phodiester bonds. Suitable amplifiers are described, for
example, in U.S. Pat. No. 5,635,352, U.S. Pat. No. 5,124,246,
U.S. Pat. No. 5,710,264, and U.S. Pat. No. 5,849,481.
[0042] A “preamplifier” is a molecule, typically a poly-
nucleotide, that serves as an intermediate between one or
more target probes and amplifiers. Typically, the preamplifier
hybridizes simultaneously to one or more target probes and to
a plurality of amplifiers. Exemplary preamplifiers are
described, for example, in U.S. Pat. No. 5,635,352 and U.S.
Pat. No. 5,681,697.

[0043] A “ISH”or “in situ hybridization” refers to a type of

hybridization that uses a labeled complementary DNA or
RNA strand (i.e., probe) to localize a specific DNA or RNA

Apr. 26, 2012

sequence in a portion or section of tissue (in situ). The probe
types are double stranded DNA (dsDNA), single stranded
DNA (ssDNA), single stranded complimentary RNA (ss-
cRNA), messenger RNA (mRNA), micro RNA (miRNA),
and synthetic oligonucleotides.

[0044] A “FISH” or “fluorescent in situ hybridization”
refers to a type of ISH with a fluorescent label.

[0045] A “CISH” or “chromogenic in situ hybridization”
refers to a type of ISH with a chromogenic label.

[0046] A “general ISH signal amplification” assay or sys-
tem refers to any ISH based in situ hybridization assay or
system that can amplify the specific DNA or RNA sequence
targeted by the method. It includes, but not limited to the three
exemplary general ISH signal amplification systems dis-
closed in the present invention (i.e., biotin-based ISH, anti-
body-based ISH, and TSA-based ISH).

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1 illustrates the principle of the RNAscope®
assay. A target nucleic acid such as mRNA are hybridized
with sets of capture probes. Each set of capture probe com-
prises two or more capture probes. The set of capture probes
is hybridized with a preamplifier. Each preamplifier is further
hybridized with a plurality of amplifier. The signal is further
amplified by hybridizing the amplifiers with multiple label
probes. Each label probe is conjugated to one or more labels
such as fluorophore or enzyme. Signals are detected using a
standard bright-field or epifiuorescent microscope.

[0048] FIG. 2 illustrates the principle of RNAscope®+Bi-
otin/(Strept)avidin amplification. Label probes in RNA-
scope® are conjugated to biotin molecules and further bound
by avidin/streptavidin. Each avidin/streptavidin has the
capacity of binding to a maximum of 4 biotin molecules
which are conjugated to enzyme or fluorescent labels, such as
Horse Radish Peroxidase (HRP), Alkaline Phosphatase (AP)
or fluorophore, leading to a 4-fold increase in signal per label
probe.

[0049] FIG. 3 illustrates the principle of RNAscope®+An-
tibody amplification. Label probes in RNAscope® are con-
jugated to HRP, AP, DNO, or fluerophore molecules and
recognized by an antibody (produced in animal species A,
such as goat) against HRP, AP, DNP, or fluerophore mol-
ecules. The first antibody then can be recognized by a HRP,
polymer-HRP, AP, or polymer-AP conjugated secondary
antibody against the first antibody of species A, leading to a
further signal amplification of the RNAscope signal.

[0050] FIG. 4illustrates the principle of RNAscope®+TSA
amplification. Label probes in RNAscope® are conjugated to
HRP. The HRP-conjugated label probes catalyze multiple
copies of Tyramide-Biotin or Tyramide-Fluorophore to
covalently bind to electron-rich moieties of proteins in the
vicinity of LP-HRP binding sites. The Tyramide-Biotin or
Tyramide-Fluorophore is then subsequently detected by avi-
din/streptavidin-HRP or avidin/streptavidin-AP together
with chromogenic substrates for HRP or AP (such as DAB
and Fast Red). Since many copies of tyramidebiotin can be
deposited around each LP-HRP binding site, the intensity of
end signal, which is the sum of RNAscope amplification and
TSA amplification, is significantly increased.

[0051] FIG. 5 illustrates detection of the mRNAs of low
copy gene HPRT1 in human breast cancer FFPE sections
using RNAscope and RNAscope+TSA procedures. Signal
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obtained with RNAscope+TSA (right) was significantly
stronger than that obtained with RNAscope alone (left).

DETAILED DESCRIPTION

[0052] The present invention provides methods and sys-
tems for detecting the presence of a target nucleic acid with
improved sensitivity and specificity in a sample. The inven-
tion combines RNAscope®® method with general ISH sig-
nal amplification methods such as the TSA-based signal
amplification method, the antibody-based signal amplifica-
tion method, or the Biotin-Avidin-based signal amplification
method. The RNAscope® method is known for its high speci-
ficity in detecting a target nucleic acid. In other words, a target
nucleic acid can be detected with high signal-to-noise ratio in
an RNAscope® assay. Such high specificity, as will be
explained in Section 2 below, are derived from the “double Z”
probe design and the preamplifier-amplifier-label probe sig-
nal cascade design. General ISH signal amplification meth-
ods are known for their ability to boosting signal amplifica-
tion of nucleic acid molecules. However, ISH signal
amplification methods are also known for their high signal to
noise ratio and their lack of consistency in the amplification
assays.

[0053] The present invention combines the RNAscope®
method with general ISH signal amplification methods and
further adjust the amplification ratio between the amplifier
and preamplifier in RNAscope®. Among other benefits,
methods and systems of the present invention overcome the
above noted disadvantages of the general ISH signal ampli-
fication methods while retaining the unique mechanisms for
background noise reduction in RNAscope®. As a result the
present invention is capable of reliably detecting nucleic acid
targets with great sensitivity and specificity. Such enhance-
ment increases the consistency among the results of nucleic
acid detection to the level that can be implemented in diag-
nostic assays.

1. Detection of Target Nucleic Acid by a Combination of
RNAscope® and General ISH Signal Amplification Methods

[0054] This invention describes a novel, simple and ultra
sensitive in suit hybridization method for detecting target
nucleic acid in a sample. This method can be used in both
fluorescent ISH (FISH) and chromogenic ISH (CISH) assays.
The method is capable of detecting nuclear acids (DNA and
RNA) immobilized in intact cells, tissue sections, tissue
microarrays and cDNA microarrays.

1.1 General ISH Signal Amplification Methods

[0055] There are many ISH signal amplification methods
which have been developed to detect DNA or RNA target.
Three exemplary ISH signal amplification methods will be
described below: (1) Biotin-(Strept)avidin-based ISH signal
amplification: (2) Antibody-based ISH signal amplification,
and (3) Tyramide Signal Amplification (TSA)-based ISH sig-
nal amplification. It is clear to a skilled artisan that any ISH
signal amplification method can be used in the present inven-
tion in combination with the RNAscope®. Thus, these
examples should be not considered as a limitation to the
present invention.

(1) RNAscope+Biotin-(Strept)avidin System (FIG. 2).

[0056] Inone embodiment, the biotin-(strept)avidin-based
ISH signal amplification method was used in combination
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with RNAscope®. In one aspect, the RNAscope comprises a
set of two or more capture probes, a plurality of label probes,
a plurality of amplifiers, and a plurality of preamplifiers. The
target nucleic acid is hybridized to the set of capture probes.
The set of capture probes is then hybridized to a preamplifier.
The preamplifier is further hybridized to a plurality of ampli-
fiers. Each amplifier is then hybridized to a plurality of label
probes. The label probe (LP) ofthe RNAscope complex struc-
ture is then conjugated to a biotin molecule of the ISH signal
amplification structure and forms a LP-biotin complex. The
LP-biotin complex is further bound by a avidin/streptavidin
molecule. The avidin/streptavidin molecule has the capacity
to bind a maximum of 4 biotin molecules where each biotin
molecule is further conjugated to HRP or AP. HRP or AP can
be detected visually by chromogenic dyes such as diami-
nobenzidine, DAB or Fast Red. Thus, combining biotin-
(strept)avidin-based ISH signal amplification method with
RNAscope® leads to a 4-fold increase in signal for every
label probe.

(2) RNAscope+Antibody System (FIG. 3).

[0057] In another embodiment, the antibody-based ISH
signal amplification method was used in combination with
RNAscope®. In one aspect, the RNAscope comprises a set of
two or more capture probes, a plurality of label probes, a
plurality of amplifiers, and a plurality of preamplifiers. The
target nucleic acid is hybridized to the set of capture probes.
The two or more capture probes are hybridized to the nucleic
acid target. Every preamplifier are hybridized to each of the
two or more capture probes, a plurality of amplifiers is
hybridized to each of the preamplifiers, and the plurality of
label probes is hybridized to the amplifiers. Each label probe
of'the RNAscope complex structure is conjugated to an HRP
molecule, an AP molecule, a DNP molecule, or a fluorophore
molecule and thus forming an HRP-LP complex, an AP-LP
complex, a DNP-LP complex, or a fluorophore-LP complex,
respectively. The HRP-LP, AP-LP, DNP-LP, or fluorophore-
LP complex is recognized by an anti-HRP antibody, anti-AP-
LP antibody, anti-DNP-LP antibody, or anti-fluorophore-LP
antibody, respectively. The above antibodies are produced by
animal species A, such as goat. This first antibody is then
recognized by second antibody against species A. The second
antibody is conjugated with HRP, Polymer-HRP, AP, Poly-
mer-AP, or fluorophore and is capable of binding to one or
more first antibodies. HRP or AP can be detected visually by
chromogenic dyes such as Diaminobenzidine (DAB) or Fast
Red. The result here is further signal amplification in addition
to the RNAscope signal amplification.

(3) RNAscope+TSA System (FIG. 4).

[0058] Inyetanother embodiment, the TSA-based ISH sig-
nal amplification method was used in combination with
RNAscope®. In one aspect, the RNAscope comprises a set of
two or more capture probes, a plurality of label probes, a
plurality of amplifiers, and a plurality of preamplifiers. The
target nucleic acid is hybridized to the set of capture probes.
The set of capture probes is then hybridized to a preamplifier.
The preamplifier is further hybridized to a plurality of ampli-
fiers. Each amplifier is then hybridized to a plurality of label
probes. Each label probe of the RNAscope® complex struc-
ture is conjugated to an HRP molecule forming an HRP-LP
complex. The HRP-LP complex is then bind to a plurality of
Tyramide-Biotin or Fluorophore-Biotin molecules. In this
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step, the HRP-LP complex catalyze multiple copies of Tyra-
mide-Biotin or Fluorophore-Biotin to covalently bind to elec-
tron-rich moieties of proteins in the vicinity of LP-HRP bind-
ing sites. The Tyramide-Biotin or Fluorophore-Biotin is then
subsequently detected by detection labels. The detection
labels are a combination of avidin/streptavidin-HRP and
chromogenic substrate or a combination of avidin/streptavi-
din-AP and chromogenic substrate. The HRP or AP on the
avidin/streptavidin-HRP or avidin/streptavidin-AP com-
plexes are detected visually by chromogenic substrates such
as DAB or Fast Red. Since many copies of Tyramide-Biotin
or Fluorophore-Biotin can be deposited around each LP-HRP
binding site, the intensity of end signal, which is the sum of
RNAscope amplification and TSA amplification, is signifi-
cantly increased.

[0059] In other embodiments of the TSA-based ISH signal
amplification method, tyramide can also be conjugated to
other haptens such as digoxigenin (DIG), trinitrophenyl
(TNP), Dinotrophenyl (DNP) and fluorescent dyes. When
fluorescent dye molecules are used in tyramide conjugation,
the tyramide-dye conjugates can be directly used in RNA-
scope-TSA system for simple and effective fluorescent
(FISH) detection.

1.2 Improving the Amplifier/Preamplifier Ratio in RNA-
scope®

[0060] The combination of RNAscope® with general ISH
signal amplification methods disclosed in this invention can
be further fine-tuned to increase the sensitivity and specificity
of'signal amplification. In this RNAscope®+general ISH sig-
nal amplification approach, RNAscope®’s major contribu-
tion is assay specificity. The RNAscope® also provides mod-
est signal amplification of the nucleic acid target with high
specificity. One of the general ISH signal amplification meth-
ods’ contributions is their signal boosting power. Thus, in
addition to the modest signal amplification power provided
by RNAscope®, the general ISH signal amplification meth-
ods further amplify the target nucleic acid signal to a much
higher level.

[0061] One potential problem is that the general ISH signal
amplification methods not only amplify true positive signals,
but also false positive signals. Thus a simple combination of
RNAscope® with general ISH signal amplification methods
faces the problem of elevated background noise in signal
detection. The present invention discloses an intelligent way
to reduce the level of false positive signals.

[0062] One balancing factor for the combination of RNA-
scope® with general ISH signal amplification methods dis-
closed in this invention is the size of the preamplifier used in
RNAscope®. The preamplifier of the RNAscope® could be a
very large molecule if it is designed to bind to a large number
of amplifiers. For example, the preamplifier may have the
capacity to hybridize to more than 20 amplifiers. Such a large
molecule is prone to bind non-specifically in cellular matrix
during in situ hybridization. When one of the preamplifiers
binds to sample nonspecifically, it will attract the same large
number of amplifiers and label probes onto itself as it does
when binding to a target nucleic acid. In the case when RNA-
scope® is used alone, the number of label probes which are
bound to the few nonspecific binding preamplifiers may not
generate any observable signals. However, if the signal of
these label probes is further boosted by the additional signal

Apr. 26, 2012

amplification by a subsequent general ISH signal amplifica-
tion, the false positive signal will be high enough to be
detected.

[0063] One approach to reduce such false positive signal is
to reduce the size of preamplifier so that, firstly, it is less likely
to be trapped in cellular matrix; secondly, even when it is
bound nonspecifically in the sample, only a smaller number
of amplifier molecules will be hybridized to it. As a result, the
signal produced by the nonspecific binding will likely be too
low to be detected even when the signal is boosted by the
general ISH signal amplification. In one embodiment of this
approach, one preamplifier is designed to bind to between 1 to
16 amplifiers. In a more preferred embodiment, one pream-
plifier is designed to bind to between 2 to 10 amplifiers. In
another preferred embodiment, one preamplifier is designed
to bind to between 2 to 5 amplifiers.

[0064] By balancing the amplification powers and specific-
ity of RNAscope® and TSA in the assay, an optimum signal-
to-noise ratio has been achieved for in situ RNA detection in
routine clinical tissue specimen (see example 1 and FIG. 5).

2. Detection of Target Nucleic Acid by RNAscope®

[0065] A powerful in situ hybridization method called
RNAscope® was recently developed by Advanced Cell Diag-
nostics, Inc. (U.S. Pat. No. 7,709,198, incorporated herein by
reference in its entirety). Since RNAscope® is part of the
method disclosed in the present invention, the working prin-
ciple of RNAscope® will be described below for better
understanding of the invention.

[0066] RNAscope® allows for direct visualization of RNA
in situ. This method utilizes the oligonucleotide probe sets
and novel signal amplification systems described below. The
assay can be used on a variety of sample types including
cultured cells, peripheral blood mononuclear cells (PBMCs),
frozen tissue, and formalin-fixed paraffin embedded (FFPE)
tissue. In addition, the assay canutilize both chromogenic and
fluorescent detection reagents.

[0067] The RNAscope® assay technology provides multi-
plex nucleic acid assays in single cells (see FIG. 1). At the
core of this technology is the “double Z” probe design, which
allows robust amplification of specific hybridization signals
without also amplifying nonspecific events. Each capture
probe (“Z”) has a target-specific sequence which binds to the
target mRNA, a spacer, and a “tail” sequence. Two capture
probes (double Z) hybridize contiguously onto a target
mRNA, and the two “tail” sequences form a 28-base hybrid-
ization site for the preamplifier. The double Z probe design
ensures high fidelity of signal amplification because: 1) it is
highly unlikely that a pair of target probes will hybridize
nonspecifically juxtaposed to each other to form a binding
site for the preamplifier; and 2) neither tail alone can bind
efficiently to the preamplifier under the assay conditions. The
preamplifier, amplifier and label probe are hybridized
sequentially to each capture probe pair, resulting in the accu-
mulation of as many as 8,000 label molecules per 1 kb of
target RNA. The label probe can be conjugated to either a
fluorophore or a chromogenic enzyme (e.g., HRP or AP),
enabling viewing of hybridization signals under a standard
bright-field or epifluorescent microscope, respectively. With
a fluorescent label probe, the signals can contain at least
100-fold more fluorescent molecules than traditional RNA
fluorescent ISH methods and are readily visible under a stan-
dard fluorescent microscope.
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[0068] In addition, multiple signal amplifiers have been
built that each recognizes a unique tail sequence on the target
probes, allowing for the simultaneous visualization of mul-
tiple target RNAs. Importantly, this assay is compatible with
partially degraded RNA present in archival FFPE tissues,
since the double Z probe pairs target short regions of =50
nucleotides in length.

[0069] In one example, RNAscope® was used to detect a
target nucleic acid. Inthe method, a sample comprising one or
more cell is provided. The cell tested comprises, or is sus-
pected of comprising, the target nucleic acid. Provided in the
assay are: a set of capture probes comprising two or more
capture probes, a label probe comprising a label, and option-
ally preamplifiers and amplifiers.

[0070] In the method, the set of capture probes is hybrid-
ized, in the cell, to the target nucleic acid. The label probe is
captured to the set of capture probes, thereby capturing the
label probe to the target nucleic acid. The signal from the label
is then detected. Since the label is associated with the target
nucleic acid through the capture probes, presence of the label
(s) in the cell indicates the presence of the corresponding
nucleic acid target(s) in the cell. The methods are optionally
quantitative. Thus, an intensity of the signal can be measured,
and the intensity of the signal can be correlated with a quan-
tity of the target nucleic acid in the cell. As another example,
a signal spot can be counted for each copy of the target nucleic
acid in order to quantify them.

[0071] In one aspect, the label probes bind directly to the
capture probes. In another aspect, the label probes are cap-
tured to the capture probes indirectly, for example, through
binding of preamplifiers and/or amplifiers. Use of amplifiers
and preamplifiers can be advantageous in increasing signal
strength, since they can facilitate binding of large numbers of
label probes to each nucleic acid target.

[0072] Although both direct capture approach and indirect
capture approach can be used in the instant technology, the
indirect capture approach is preferred because it enables the
label probe to be target-independent and further disclosure
will show that it can offer better specificity and sensitivity.
[0073] The capture probe is specially designed in the RNA-
scope® assay. In each capture probe, there is at least one
section, T, complementary to a section on the target molecule,
and another section. [, complementary to a section on the
label probe. The T and L sections are connected by a section
C. In a indirect capture embodiment, two adjacent capture
probes are incorporated in a probe set targeting a gene of
interest. T1 and T2 are designed to be complementary to two
unique and adjacent sections on the target nucleic acid. L1
and .2, which can be different or the same, are complemen-
tary to two adjacent sections on the label probe. Their binding
sections, T, L. or both, are designed so that the linkage
between the label probe and the target is unstable and tends to
fall off at hybridization temperature when only one of the
capture probes is in place. Such a design should enable excep-
tional specificity because the signal-generating label probe
can only be attached to the target gene of interest when two
independent capture probes both recognize the target and
bind to the adjacent sequences or in very close proximity of
the target gene. In one embodiment, the melting temperature,
T, of the T sections of the two capture probes are designed to
be significantly above the hybridization temperature while
the T,, of the L sections is below the hybridization tempera-
ture. As a result, T sections bind to the target molecule
strongly and stably during hybridization, while L sections
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bind to the label probe weakly and unstably if only one of the
capture probes is present. However, if both capture probes are
present, the combination of .1 and [.2 holds the label probe
strongly and stably during hybridization. For example, the T
sections can be 20-30 nucleotides in length while the L. sec-
tions are 13-15 nucleotides in length; C can be 0 to 10 nucle-
otides in length, e.g., 5 nucleotides. In another embodiment,
T,, of the T sections is below hybridization temperature while
T,, of the L sections is substantially above. In the same way,
the linkage between the label probe and the target can only
survive the hybridization when both capture probes are
hybridized to the target in a cooperative fashion. See U.S. Pat.
No. 7,709,198 for additional details on design of capture
probes.

[0074] In the above classes of embodiments, the capture
probes preferably hybridize to nonoverlapping polynucle-
otide sequences in their respective nucleic acid target. The
capture probes can, but need not, cover a contiguous region of
the nucleic acid target. Blocking probes, polynucleotides
which hybridize to regions of the nucleic acid target not
occupied by target probes, are optionally provided and
hybridized to the target. For a given nucleic acid target, the
corresponding capture probes and blocking probes are pref-
erably complementary to physically distinct, nonoverlapping
sequences in the nucleic acid target, which nonoverlapping
sequences are preferably, but not necessarily, contiguous.
Having the capture probes and optional blocking probes be
contiguous with each other can in some embodiments
enhance hybridization strength, remove secondary structure,
and ensure more consistent and reproducible signal.

[0075] In detection of nucleic acid targets in a cell, the cell
is typically fixed and permeabilized before hybridization of
the capture probes, to retain the nucleic acid targets in the cell
and to permit the capture probes, label probes, etc. to enter the
cell. The cell is optionally washed to remove materials not
captured to one of the nucleic acid targets. The cell can be
washed after any of various steps, for example, after hybrid-
ization of the capture probes to the nucleic acid targets to
remove unbound capture probes, after hybridization of the
preamplifiers, amplifiers, and/or label probes to the capture
probes, and/or the like.

[0076] Insome embodiments, the cell is in suspension for
all or most of the steps of the method, for ease of handling.
However, the methods are also applicable to cells in solid
tissue samples (e.g., tissue sections) and/or cells immobilized
ona substrate (e.g., aslide or other surface). Thus, in one class
of'embodiments, the cell is in suspension in the sample com-
prising the cell, and/or the cell is in suspension during the
hybridizing, capturing, and/or detecting steps. For example,
the cell can be in suspension in the sample and during the
hybridization, capture, optional washing, and detection steps.
In other embodiments, the cell is in suspension in the sample
comprising the cell, and the cell is fixed on a substrate during
the hybridizing, capturing, and/or detecting steps. For
example, the cell can be in suspension during the hybridiza-
tion, capture, and optional washing steps and immobilized on
a substrate during the detection step. In other embodiments,
the sample comprises a tissue section.

3. Multiplexing Detection of Nucleic Acids

[0077] One aspect of the invention provides multiplex
nucleic acid assays. Thus, one general class of embodiments
includes methods of detecting two or more target nucleic
acids. In the section above, method for detecting a single
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target nucleic acid using RNAscope® has been described. In
this section, method for detecting a single target nucleic acid
using a combination of RNAscope® and general ISH signal
amplification method will be described first. Method for
detecting two or more target nucleic acids using a combina-
tion of RNAscope® and general ISH signal amplification
method will be described next. The detection of two or more
target nucleic acids can be conducted in a same way as that of
detecting a single target nucleic acids except for using difter-
ent, target-specific, labels and probes.

[0078] In one embodiment of the invention, a method of
detecting a single target nucleic acid is provided. In this
method, a sample comprising or suspected of comprising the
target nucleic acid is provided. Also provided are: a set of two
or more capture probes wherein the capture probes are
capable of binding to the target nucleic acid, signal generating
multimers, and signal amplification probes.

[0079] The signal generating multimer comprises at least a
label probe. In a preferred embodiment, the signal generating
multimer comprises a label probe and an amplifier. The
amplifier is capable of hybridizing to the label probe, and is
also capable of hybridizing to the set of two or more capture
probes. In another preferred embodiment, the signal generat-
ing multimer comprises a label probe, an amplifier capable of
hybridizing to the label, and a preamplifier capable of hybrid-
izing to the amplifier and also capable of hybridizing to the set
of two or more capture probes.

[0080] The signal amplification probes are made of com-
ponents used in general ISH signal amplification assays. For
example, in an embodiment where RNAscope® is combined
with a biotin-strept(avidin) based ISH assay, the signal ampli-
fication probe comprises: a biotin molecule which is capable
of conjugating to the label probe of RNAscope®, an avidin/
streptavidin molecule which is capable of binding to the
biotin molecule, and additional biotin molecules being con-
jugated to HRP, AP, or fluorophore and are capable of binding
to the avidin/streptavidin molecule.

[0081] Inan embodiment where RNAscope® is combined
with a antibody-based ISH assay, the signal amplification
probe comprises: a HRP, DNP, fluorophore, or AP molecule
which is capable of conjugating to said label probe, one or
more first antibody which is capable of binding to the HRP,
DNP, fluorophore, or AP molecule, and one or more second
antibody which is conjugated with HRP, Polymer-HRP, AP,
or Polymer-AP and is capable of binding to one or more of the
first antibody.

[0082] Inan embodiment where RNAscope® is combined
with a ISA-based ISH assay, the signal amplification probe
comprises: a HRP molecule which is capable of conjugating
to said label probe, a plurality of tyramide-biotin or tyramide-
fluorophore molecules which are capable of reacting with the
HRP molecule, and detection labels which are capable bind-
ing to the tyramide-biotin or tyramide-fluorophore molecules
and thus display the target nucleic acid visually. The detection
labels are a combination of acivdin/strepavidin-HRP and a
chromogenic substrate or a combination of acivdin/strepavi-
din-HRP and a chromogenic substrate.

[0083] In the method of detecting a target nucleic acid, a
sample comprising or suspected of comprising the target
nucleic acid is first provided. The target nucleic acid is then
hybridized to the set of two or more capture probes. The
signal generating multimer is then added and being hybrid-
ized to the set of two or more capture probes and thereby
being captured to the target nucleic acid. Components of the
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signal amplification probe are then added to the assay solu-
tion sequentially and bind to the signal generating multimer
and thereby being captured to the target nucleic acid. The
labels in the signal amplification probe are then detected by
flow cytometer or other visualization devices. The presence,
absence, or amount of the labels allows a sensitive detection
and localization of the target nucleic acid in the sample.

[0084] Inthe method of detecting two target nucleic acids,
a sample comprising or suspected of comprising the two
target nucleic acids is provided. Also provided are two or
more sets of capture probes, each set comprising two or more
capture probes. The first set of capture probe is capable of
hybridizing to the first target nucleic acid but not the second
target nucleic acid, and the second set of capture probe is
capable of hybridizing to the second target nucleic acid but
not the first target nucleic acid. Further provided are a first
signal generating multimer and a first signal amplification
probe, together with a second signal generating multimer and
a second signal amplification probe.

[0085] The first signal generating multimer can hybridize
to the first set of capture probe but not the second set of
capture probe. The second signal generating multimer can
hybridize to the second set of capture probe but not the first set
of capture probe. The first signal generating multimer has a
first label probe that hybridize, either directly or indirectly
through preamplifiers and amplifiers, to the first set of capture
probe. The second signal generating multimer has a second
label probe that hybridize, either directly or indirectly
through preamplifiers and amplifiers, to the second set of
capture probe. The first label probe is different from the
second label probe.

[0086] The first signal generating multimer and the second
signal generating multimer are labeled with different signal
amplification probes sequentially. The two signal amplifica-
tion probes can be a dual-color CISH or a dual-color FISH.

[0087] At least three steps will be performed in a duplex
nucleic acid detection. In the first step, the first signal gener-
ating multimer is labeled with the first signal amplification
probe. In an exemplary embodiment, the first signal amplifi-
cation probe is a TSA-based ISH signal amplification which
linked with the label probe of RNAscope® amplification via
a conjugated LP-HRP complex. After the RNAscope®
method is performed, the label probe of RNAscope® is first
conjugated with HRP. The conjugated LP-HRP complex is
then detected with sequential incubation of tyramide-biotin,
streptavidin-HRP and color substrate DAB, resulting in
brown signal for the first target nucleic acid. In the second
step, the residual labeling agents for the first signal generating
multimer are blocked in order to prevent the labels from
reacting with the second signal generating multimer which is
going to be added in the third step. In the third step, the second
signal generating multimer is labeled with the second signal
amplification probe. In an exemplary embodiment, After the
RNAscope® method is performed, the label probe of RNA-
scope® is first conjugated with Dinotrophenyl (DNP). The
conjugated LP-DNP complex is then detected with sequential
incubation of anti-DNP-AP and color substrate Fast Red,
resulting in red signal for the first target nucleic acid.

[0088] The above methods are also useful for multiplex
detection of nucleic acids, including sequential detection of
more than three nucleic acid targets. Thus, the cell optionally
comprises or is suspected of comprising a third, fourth, fifth,
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sixth, seventh or even more nucleic acid target can be ana-
lyzed in the similar way described above.

4. Kits

[0089] Yet another general class of embodiment provides a
kit for detecting one or more target nucleic acid. In one aspect,
the kit includes a target nucleic acid, an RNAscope® compo-
nent and a general ISH signal amplification component. In
one embodiment, the kit includes a target nucleic acid, sets of
capture probes capable of hybridizing to the target nucleic
acid, a signal generating multimer capable of hybridizing to
set of capture probes, and a signal amplification probe
capable of binding to the label probe. The signal generating
multimer comprises a label probe and the signal amplification
probe comprises a label. In certain embodiment, the signal
generating multimer in the kit can include appropriate ampli-
fiers, preamplifiers. The kit may also include a solid support.
The ISH signal amplification component of the kit can be any
ISH signal amplification system. For example, it can be the
three ISH signal amplification systems described in Section
1.1 of the present invention. The kit can be used for detection
of any nucleic acids described earlier in this application,
including, not not limited to DNA, cDNA, RNA, and mRNA.
[0090] In multiplexed embodiments of kits, many compo-
nents can be represented with two or more different subsets.
For example, the label probes can include two subsets,
hybridizing to the first and the second target nucleic acids,
respectively. The signal generating multimer can include two
different label probe, each hybridizes, either directly or indi-
rectly, to the first and the second capture probes. The kit can
also include two different signal amplification probes, each
conjugates to the first and second label probes. The different
signal amplification probes are distinguishable from each
other by binding to different color substrates. In another
aspect, the kit includes a blocking agent which is capable of
blocking the residual labeling agents for the first signal gen-
erating multimer and thus ensuring the specific binding of the
second signal generating multimer to the second target
nucleic acid.

EXAMPLES

[0091] The following examples are offered to illustrate, but
not to limit the claimed invention.

[0092] The following example shows how a combination of
RNAscope® and general ISH signal amplification methods
further enhanced by an optimized preamplifier/amplifier ratio
achieves a significantly improved specificity and sensitivity
for in situ RNA detection.

Example 1

RNAscope®+General ISH Signal Amplification
Assay

[0093] The basic assay procedure can be done within a day
and generally includes the following steps. A sample contain-
ing a plurality of cells suspected of comprising a target
nucleic acid HPRT1 is provided. After being fixed and per-
meablized, cells either fixed on a solid support or in suspen-
sion are hybridized to the following series of oligonucleotide
probes. First, a set of capture probes is hybridized to the target
RNA inside the cells. Next, preamplifier molecules are
hybridized to the capture probes, providing a bridge for the
hybridization of amplifier molecules. Multiple amplifier mol-
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ecules are further hybridized to a preamplifier, e.g., up to 20
amplifiers to each preamplifier. Multiple label probes are then
hybridized to an amplifier, e.g. up to 20 label probes to each
amplifier.

[0094] The signal intensity is enhanced further by TSA-
based ISH signal amplification. An HRP is conjugated to each
label probe. Reagent containing tyramide-biotin molecules is
then added to the assay solution. The HRP-conjugated-label-
probe catalyzes multiple copies of tyramide-biotin to
covalently bind to the electron-rich moieties of proteins in the
vicinity of the HRP-label probe binding site. The tyramide-
biotin molecule is then detected by avidin/streptavidin-HRP,
where avidin/streptavidin-HRP can be visualized by label
substrate DAB which shows brown color. Signals are
detected, e.g., with either a regular fluorescent microscope
with appropriate filters or with a multicolor flow cytometer. A
comparison of detection of mRNA of low copy gene HPRT1
gene inhuman breast cancer FFPE sections, either with RNA-
scope® alone or RNAscope®+TSA-based ISH signal ampli-
fication, were made. As shown in FIG. 5, signals obtained
from RNAscope®+TSA-based ISH signal amplification
method was significantly stronger than that obtained from
RNAscope® alone.

[0095] Nonspecific binding was prevented or minimized by
designing probe sets targeting a specific mRNA sequence
using a double “Z” probe design. The double “Z” capture
probes were designed based on the sequence of the HPRT1
and were prescreened against the GenBank database to
ensure minimal cross-hybridization with unintended nucleic
acid sequences. In the double design, two neighboring probes
each contain a target-hybridizing sequence, e.g., 20to 30 base
in length with a T, significantly above the assay temperature,
and a preamplifier-hybridizing sequence, e.g., only 14 bases
in length with a T,, well below the assay temperature. As a
result, a single capture probe is able to bind to target RNA
strongly and stably during hybridization, but will bind to the
preamplifier weakly and unstably due to the 14 base pair
region of homology having a T,, well below the assay tem-
perature. However, when two capture probes are present in
neighboring positions, the combined hybridization strength,
e.g., of 28 complementary base pairs, holds the preamplifier
strongly and stably at the assay temperature, enabling signal
amplification to occur. Such a double design ensures high
detection specificity and simplifies probe design for simulta-
neous detection of multiple targets.

[0096] Due to the signal boosting power of the TSA-based
ISH signal amplification method, the nonspecific binding of
preamplifier in cellular matrix during in situ hybridization
could be amplified and consequently produces a false positive
signal. This problem becomes serious when the preamplifier
is designed to bind large number of amplifiers and thus is
large in size. Power of amplification is gained at the cost of
lost binding specificity. We solved this problem by moder-
ately reducing the number of amplifiers a preamplifier is
designed to bind to. The end result is increased the signal-to-
noise ratio. The lost amplification power is compensated by
signal boosting power of the ISH signal amplification meth-
ods, particularly the TSA-based ISH signal amplification
method.

[0097] Several amplifiers have been designed and tested in
this assay. Preamplifier PREAMP1 is designed to bind to 20
amplifiers. Preamplifier PREAMP?2 is designed to bind to 16
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amplifiers. Preamplifier PREAMP3 is designed to bind to 10
amplifiers. Preamplifier PREAMP4 is designed to bind to 5
amplifiers.

[0098] Experimental results show that PREAMP2 has
improved signal-to-noise ratio over PREAMP1. PREAMP3
and PREAMP4 have the best signal-to-noise ratio among all
the PREAMP:s tested (data not shown).

Example 2

Multiplex RNAscope®+General ISH Signal Ampli-
fication Assay

[0099] The following prophetic example of a multiplexed
amplification showing how the method disclosed in the
present invention can detect two target nucleic acids with high
sensitivity. To explore the potential of the disclosed invention
for in situ detection of low copy RNA transcripts and its
capability for multiplex detection, 18S and Her-2 are used as
the model genes.

[0100] In the first amplification, 18S gene is captured on
capture probes designed for 18S. The capture probe for 18S is
designed as described in example 1. The capture-probe-hy-
bridized-18S gene is then sequentially hybridized to pream-
plifiers, amplifiers and label probes. The label probe is then
conjugated to HRP. The conjugated LP-HRP complexes are
then detected with sequential incubations of tyramide-biotin,
streptavidin-HRP and DAB. The product of the hybridization
produces brown color at locations where target gene 18Ss are
detected.

[0101] Before starting the second amplification, the residue
HRPs from the first amplification are blocked. In the second
amplification, Her-2 gene is captured on capture probes
designed for Her-2. The capture probe for Her-2 is designed
as described in example 1. The capture-probe-hybridized-
Her-2 gene is then sequentially hybridized to preamplifiers,
amplifiers and label probes. The label probe is then conju-
gated to Diotrophenyl (DNP). The conjugated LP-DNPs are
then detected with incubation of anti-DNP-AP. The alkaline
phosphatase (AP) molecule on the anti-DNP-AP complex is
then detected by dye reagent Fast Red. The product of the
hybridization produces red signal for target gene Her-2.
[0102] In this example we have demonstrated that the
method disclosed in this invention can be used to detect two
RNA transcripts. The relative intensity of the signals can be
used to compare gene expression levels of the two genes.

What is claimed is:

1. A method of detecting at least one target nucleic acid, the

method comprising:

(a) providing a sample comprising or suspected of com-
prising said target nucleic acid;

(b) providing at least one set of two or more capture probes
capable of hybridizing to said target nucleic acid;

(c) providing a signal generating multimer capable of
hybridizing to said set of two or more capture probes,
wherein said signal generating multimer comprises a
label probe;

(d) providing a signal amplification probe capable of bind-
ing to said label probe, wherein said signal amplification
probe comprises a label;

(e) hybridizing said target nucleic acid to said set of two or
more capture probes;

(f) capturing the signal generating multimer to said set of
two or more capture probes and thereby capturing the
signal generating multimer to said target nucleic acid;
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(g) capturing said signal amplification probe to said label
probe and thereby capturing the signal amplification
probe to said signal generating multimer; and

(h) detecting the presence, absence, or amount of the label.

2. The method of claim 1, wherein said signal amplification
probe comprises: a biotin molecule which is capable of con-
jugating to said label probe, an avidin/streptavidin molecule
which is capable of binding to said biotin molecule, and
additional biotin molecules being conjugated to Horse Radish
Peroxidase (HRP). Alkaline Phosphatase (AP), or fluoro-
phores and are capable of binding to said avidin/streptavidin
molecule.

3. The method of claim 1, wherein said signal amplification
probe comprises: a HRP, AP, Dinitrophenyl (DNP), or fluo-
rophore molecule which is capable of conjugating to said
label probe, one or more first antibody which is capable of
binding to said HRP, AP, DNP, or fluorophore molecule, and
one or more second antibody being conjugated to HRP, Poly-
mer-HRP, AP, Polymer-AP or fluorophore and is capable of
binding to said one or more first antibody.

4. The method of claim 1, wherein said signal amplification
probe comprises: a HRP molecule which is capable of con-
jugating to said label probe, a plurality of tyramide-biotin or
tyramide-fluorophore molecules which are capable of react-
ing with said HRP molecule, and detection labels which are
capable detecting said tyramide-biotin or tyramide-fluoro-
phore molecules visually.

5. The method of claim 4, wherein said detection labels are
a combination of avidin/streptavidin-HRP and a chromoge-
nic substrate or a combination of avidin/streptavidin-AP and
a chromogenic substrate.

6. The method of claim 5, wherein said chromogenic sub-
strate is selected from the group consisting of: diaminoben-
zine(DAB) and Fast Red.

7. The method of claim 4, wherein said signal generating
multimer comprises either (i) said label probe capable of
hybridizing to said set of two or more capture probes, (ii) said
label probe and an amplifier hybridized to the label probe and
capable of hybridizing to said set of two or more capture
probes, and (iii) said label probe, an amplifier hybridized to
the label, and a preamplifier hybridized to the amplifier and
capable of hybridizing to said set of two or more capture
probes.

8. The method of claim 7, wherein the preamplifier:ampli-
fier ratio is between 1-16, between 2-10, or between 2-5.

9. The method of claim 8, wherein said target nucleic acid
is selected from the group consisting of: a DNA, a cDNA, an
RNA, and an mRNA.

10. The method of claim 8, wherein step (a) comprises
capturing said target nucleic acid on a solid support.

11. The method of claim 8, wherein in step (a), said sample
comprises a cell comprising or suspected of comprising the
target nucleic acid.

12. The method of claim 8, wherein in step (a), said sample
comprises a cell comprising or suspected of comprising two
or more different target nucleic acids.

13. The method of claim 8, wherein in step (a), said sample
comprises two or more different cells, each comprising or
suspected of comprising a different target nucleic acid.

14. The method of claim 12 or 13, wherein the two different
target nucleic acids are detected using a dual-color chromoge-
nic in situ hybridization (CISH) or a dual-color fluorescent in
situ hybridization (FISH).
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15. The method of claim 14, wherein said dual-color CISH
is performed using two different signal amplification probes,
wherein the first signal amplification probe comprises: tyra-
mide-biotin, streptavidin-HRP and DAB, and the second sig-
nal amplification probe comprises: anti-DNP-AP and Fast
Red.

16. A kit comprising:

(a) a target nucleic acid;

(b) one set of two or more capture probes capable of

hybridizing to said target nucleic acid;

(c) a signal generating multimer capable of hybridizing to
said set of two or more capture probes, wherein said
signal generating multimer comprises a label probe; and

(d) a signal amplification probe capable of binding to said
label probe, wherein said signal amplification probe
comprises a label.

17. The kit of claim 16, wherein said signal amplification
probe comprises: a biotin molecule which is capable of con-
jugating to said label probe, an avidin/streptavidin molecule
which is capable of binding to said biotin molecule, and
additional biotin molecules being conjugated to HRP, AP or
fluorophores and are capable of binding to said avidin/
streptavidin molecule.

18. The kit of claim 16, wherein said signal amplification
probe comprises: a HRP, AP. DNP, or fluorophore molecule
which is capable of conjugating to said label probe, one or
more first antibody which is capable of binding to said HRP,
AP, DNP, or fluorophore molecule, and one or more second
antibody being conjugated to HRP, Polymer-HRP, AP, Poly-
mer-AP or fluorophore and is capable of binding to said one
or more first antibody.

19. The kit of claim 16, wherein said signal amplification
probe comprises: a HRP molecule which is capable of con-
jugating to said label probe, a plurality of tyramide-biotin or
tyramide-fluorophoremolecules which are capable of react-
ing with said HRP molecule, and detection labels which are
capable detecting said tyramide-biotin molecules visually.
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20. The kit of claim 19, wherein said detection labels are a
combination of avidin/streptavidin-HRP and a chromogenic
substrate or a combination of avidin/streptavidin-AP and a
chromogenic substrate.

21. The method of claim 20, wherein said chromogenic
substrate is selected from the group consisting of: DAB and
Fast Red.

22. The kit of claim 19, wherein said signal generating
multimer comprises either (i) said label probe capable of
hybridizing to said set of two or more capture probes, (ii) said
label probe and an amplifier hybridized to the label probe and
capable of hybridizing to said set of two or more capture
probes, and (iii) said label probe, an amplifier hybridized to
the label, and a preamplifier hybridized to the amplifier and
capable of hybridizing to said set of two or more capture
probes.

23. The method of claim 22, wherein the preamplifier:
amplifier ratio is between 1-16, between 2-10, or between
2-5.

24. The kit of claim 23, wherein said target nucleic acid is
selected from the group consisting of: a DNA, a ¢cDNA, an
RNA, and an mRNA.

25. The kit of claim 23, further comprising a cell compris-
ing or suspected of comprising the target nucleic acid.

26. The kit of claim 23, further comprising two or more
different cells, each comprising or suspected of comprising a
different target nucleic acid.

27. The kit of claim 25 or 26, wherein said signal amplifi-
cation probe is either a dual-color chromogenic in situ hybrid-
ization (CISH) probe or a dual-color fluorescent in situ
hybridization (FISH) probe.

28. The kit of claim 27, wherein in said dual-color CISH
probe, the first signal amplification probe comprises: tyra-
mide-biotin, streptavidin-HRP and DAB, and the second sig-
nal amplification probe comprises: anti-DNP-AP and Fast
Red.



